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*0$ ZHOGLQJ 6WXWH /LX +HUPVGRUID +HUPVGRUI DQG ODVHUDVVLVWHG SODVPD ZHOGLQJ
)XHUVFKEDFK0DKUOH0DKUOH6FKQLFNXVLQJ&2ODVHUV1G<$*ODVHUVILEUHODVHUVRUGLRGH
ODVHUV
,QFRQWUDVWWRKLJKODVHUSRZHUK\EULGZHOGLQJODVHUDVVLVWHGDUFZHOGLQJGRHVQRWDOORZGHHSZHOGLQJZKHUHDV
WKH DGYDQWDJHV RI WKH SURFHVV FRPELQDWLRQ OLNH WKH LQFUHDVHGZHOGLQJ VSHHG RUZHOGLQJ TXDOLW\ DUH VWLOO SUHVHQW
+HUPVGRUID,WLVSRVVLEOHWRTXDGUXSOHWKHZHOGLQJVSHHGZKHQFRPELQLQJDUFDQGODVHUEHDPLQRQHSURFHVV
]RQH&XL7KHDGGLWLRQDOHQHUJ\RIWKHODVHUUDGLDWLRQOHDGVWRDQLQFUHDVHRIPHWDOYDSRXULQWKHHOHFWULFDODUF
DQG WKHUHZLWK UDLVHV WKH DPRXQW RI WKHPHWDO LRQV +XZKLFK DOVR OHDGV WR D FKDQJH LQ WKH DUF YROWDJH DQG
FXUUHQW 6WHHQ ,W LV VWLOO XQFOHDU LI WKLV FKDQJH LQ WKH HOHFWULFDO DUF¶V FRQGXFWLYLW\ LV UHVSRQVLEOH IRU WKH
REVHUYHGVWDELOL]DWLRQHIIHFWZKLFKDOORZVDQ LQFUHDVHRI WKHZHOGLQJVSHHG)XUWKHUPRUHDQDUF URRW IL[HG WR WKH
ODVHUVSRWRQWKHZRUNSLHFHLVREVHUYHG,WDOORZVWKHDUFSRVLWLRQWREHFRQWUROOHGE\SRLQWLQJWKHODVHUEHDPWRWKH
WDUJHW SRVLWLRQ RQ WKH ZRUNSLHFH 6FKQLFN +HUPVGRUIE ZKLFK LV D KXJH DGYDQWDJH LQ LQGXVWULDO
DSSOLFDWLRQV)RUH[DPSOHZKHQZHOGLQJEXWWMRLQWVLQFDVHRIPHWDOVKHHWVRIXQHTXDOWKLFNQHVVLWLVSRVVLEOHWRIL[
WKHDUFRQWKHGHHSHVWVKHHWLQRUGHUWRLPSURYHWKHVHDPTXDOLW\+HUPVGRUID
)XUWKHU LQYHVWLJDWLRQV KDYH VKRZQ WKDW DQ DGGLWLRQDO SURFHVV RSWLPL]DWLRQ LQ WHUPV RI ZHOGLQJ VSHHG FDQ EH
DFKLHYHGLIWKHVSHFWUXPRIWKHODVHUEHDPRYHUODSVWKHHPLVVLRQOLQHVRIWKHXVHGVKLHOGLQJJDV+HUPVGRUID
$UJRQDFRPPRQO\XVHGVKLHOGLQJJDVKDVPDQ\VSHFWUDOOLQHVEHWZHHQDQGQP7ZRWUDQVLWLRQVDW
QPDQGQP1LVWDUHJRRGFDQGLGDWHVIRULQWHUDFWLRQZLWKODVHUDVWKH\KDYHKLJKWUDQVLWLRQSUREDELOLWLHV
:LWKQPFHQWUHZDYHOHQJWK DQGQP OLQHZLGWK WKH XVHGGLRGH ODVHURYHUODSV WKHVH DUJRQ HPLVVLRQ OLQHV
+HUPVGRUID+HUPVGRUIHWDOVXSSRVHGWKDWWKHUHVRQDQWDEVRUSWLRQRIODVHUUDGLDWLRQOHDGVWRDFKDQJHRIWKH
HOHFWULFDOFRQGXFWLYLW\RIWKHDUFZKLFKFRXOGEHUHVSRQVLEOHIRUWKHVWDELOL]DWLRQRIWKHDUF+HUPVGRUID7KLV
HIIHFW KDV DOUHDG\ EHHQ NQRZQ IURP RSWRJDOYDQLF VSHFWURVFRS\ ZKHUH D ODVHU EHDP SURSDJDWHV WKURXJK D JDV
GLVFKDUJHDQGGULYHVWUDQVLWLRQVEHWZHHQWZRHOHFWURQLFVWDWHVRIDWRPVRULRQVFDXVLQJDFKDQJHRIWKHSRSXODWLRQ
GHQVLWLHV'HPWU|GHU7KHFKDQJHRIWKHSRSXODWLRQGHQVLWLHVDIIHFWVWKHGLVFKDUJHFXUUHQWEHFDXVHRIDFKDQJH
RI WKH LRQL]DWLRQ SUREDELOLWLHV 'HPWU|GHU $ FKDQJH RI WKH RSWRJDOYDQLF FXUUHQW LQ DQ DUJRQILOOHG JORZ
GLVFKDUJH WXEHZDV GHPRQVWUDWHG LQ 0DWVXWD$FFRUGLQJ WR UHFHQW VWXGLHV WKH UHVRQDQW DEVRUSWLRQ RI ODVHU
UDGLDWLRQLQD7,*ZHOGLQJDUFFKDQJHVWKHHOHFWULFDOFRQGXFWLYLW\RIWKHDUF(PGH(PGH.R]DNRYD
.R]DNRYE7KHUHVRQDQWLQWHUDFWLRQEHWZHHQODVHUUDGLDWLRQDQGH[FLWHGDUJRQDWRPVGHSHQGVRQWKHZHOGLQJ
FXUUHQW WKH VSDWLDO RYHUODS EHWZHHQ ODVHU EHDP DQG DUF WKH ODVHU SRZHU DQG WKH FHQWUH ZDYHOHQJWK (PGH
(PGH%DVHGRQWKHVHVWXGLHVDVLJQLILFDQWLQIOXHQFHRIWKHODVHUEHDPRQWKHDUFURRWDQGWKHSRVVLELOLW\WR
FRQWURO WKH DUF URRW SRVLWLRQ ZLWK WKH ODVHU EHDP SRVLWLRQ DUH H[SHFWHG 7KHVH HIIHFWV DUH DVVXPHG WR EH PRUH
SURQRXQFHGLQFDVHRIUHVRQDQWODVHUUDGLDWLRQ+RZHYHUDV\VWHPDWLFVWXG\RIWKHVHVXSSRVLWLRQVKDVEHHQPLVVLQJ
VRIDU
7KHPRWLYDWLRQIRU WKLV LQYHVWLJDWLRQZDV WRDQDO\]H WKHGLIIHUHQW ODVHUEHDPLQIOXHQFHRQD7,*DUF LQFDVHRI
UHVRQDQWDQGQRQUHVRQDQWODVHUUDGLDWLRQ,QDGGLWLRQLWLVVWXGLHGLIWKHUHVRQDQWLQWHUDFWLRQEHWZHHQODVHUUDGLDWLRQ
DQGHOHFWULFDODUFFDQEHH[SORLWHGWRLPSURYHWKHFRQWUROOLQJRIWKHDUFURRWRQWKHZRUNSLHFH7KHHIIHFWFRXOGEH
H[HFXWHGWRFRPSHQVDWHGLVWXUEDQFHVOLNHGHIRUPDWLRQVE\PRYLQJWKHODVHUEHDPZLWKDODVHUVFDQQHUV\VWHP
([SHULPHQWDOVHWXS
7KHH[SHULPHQWDOVHWXSLVVKRZQLQ)LJ)RUWKHH[SHULPHQWVDVWDQGDUGFXUUHQWFRQWUROOHG7,*ZHOGLQJVRXUFH
0HUNOH/RJL7,*$&'&ZDVXVHG7R LPSURYH WKHDFFHVVLELOLW\RI WKHDUF URRW IRU WKH ODVHUEHDP WKH7,*
WRUFKZDVVODQWHGWRZDUGVWKHZHOGLQJGLUHFWLRQPPDERYHWKHZRUNSLHFH7DEOHJLYHVDQRYHUYLHZRIWKH
ZHOGLQJ SDUDPHWHUV 7KHZHOGLQJ H[SHULPHQWVZHUH FDUULHG RXW RQ D FRROHG FRSSHU SODWH DQG PP VWHHO VKHHWV

$:ODVHUEHDP/DVHUOLQH/'0ZDVIRFXVHGRQWKHZRUNSLHFHZLWKDQDQJOHRILQZHOGLQJ
GLUHFWLRQ$WWKHEHJLQQLQJRIHDFKWHVWWKHIRFXVRIWKHODVHUEHDPZDVSRVLWLRQHGGLUHFWO\XQGHUWKHHOHFWURGH7KH
VFDQQHUDOORZVPRYHPHQWVRIWKHODVHUIRFXVDFURVVWKHZHOGLQJGLUHFWLRQ6HH7DEOHIRUIXUWKHUODVHUSDUDPHWHUV
7RWHVWWKHLQIOXHQFHRIWKHUHVRQDQWLQWHUDFWLRQWKHFHQWUHZDYHOHQJWKRIWKHODVHUEHDPZDVDGMXVWHGWRWKHDUJRQ
UHVRQDQFHZDYHOHQJWKRIQPDQGRIIUHVRQDQFHWRQPVHH)LJIRUWKHVDPHODVHUSRZHU

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
)LJ([SHULPHQWDOVHWXS
7RREVHUYHWKHHOHFWULFDODUFDELQRFXODUYLVLRQV\VWHPZDVXVHGWRV\QFKURQRXVO\WDNHSLFWXUHVRIWKHDUFIURP
WZRGLIIHUHQW GLUHFWLRQVZLWKRQH FDPHUD'HSHQGLQJRQ WKH H[SHULPHQW D FRPSDFW FDPHUD '&&0DQG D
KLJKVSHHG FDPHUD 0RWLRQ3UR < 6 ZHUH LQWHJUDWHG LQ WKH H[SHULPHQWDO VHWXS 7KH KLJKVSHHG FDPHUD
DGGLWLRQDOO\ SURYLGHV D V\QFKURQL]HG UHFRUGLQJ RI WKH VFDQQHU SRVLWLRQ 7R DYRLG WKH VDWXUDWLRQ E\ WKH ODVHU
UDGLDWLRQDVKRUWSDVVILOWHUFXWRIIZDYHOHQJWKQPZDVLQWHJUDWHGLQIURQWRIWKHFDPHUDV
7DEOH:HOGLQJDQGODVHUSDUDPHWHUV
:HOGLQJVRXUFH 
&XUUHQW $'&
*DV $U
*DVIORZ OPLQ
:HOGLQJVSHHGIRUVWHHO PPPLQ
6WLFNRXW PP
/DVHUVRXUFH 
2XWSXWSRZHU :
/LQHZLGWK):+0#: QP
)RFXVLQJOHQV PP
&ROOLPDWLRQOHQV PP
)LEUHGLDPHWHU PP
)RFXVGLDPHWHU PP

$VDQH[DPSOH)LJVKRZVDQLPDJHUHFRUGHGZLWKWKHELQRFXODUYLVLRQV\VWHP:KLOHRQWKHOHIWVLGHWKHDUFLV
VKRZQLQIRUZDUGGLUHFWLRQWKHULJKWVLGHSUHVHQWVDVLGHYLHZRIWKHDUF)RUDQDXWRPDWHGDQDO\VLVWKHDUFDQJOH
ZDVFDOFXODWHGIURPWKHFHQWUHRIPDVVRIWKHJUD\YDOXHGLVWULEXWLRQVDORQJWKHOLQHV,DQG,,
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
)LJ1RUPDOL]HGDUFHPLVVLRQVSHFWUXPDQGODVHUSRZHUVSHFWUDUHVRQDQWDQGQRQUHVRQDQW

)LJ([DPSOHIRUDQDUFLPDJHIURPWZRGLIIHUHQWGLUHFWLRQV
([SHULPHQWDO5HVXOWV
3.1. Reaction of the arc on a cooled copper plate 
7R GHPRQVWUDWH WKH LQIOXHQFH RI WKH UHVRQDQW ODVHU EHDP H[SHULPHQWV ZLWK WKH 7,* DUF EXUQLQJ RQ D FRROHG
FRSSHUSODWHZHUHFDUULHGRXW)LJVKRZVGLIIHUHQWELQRFXODULPDJHVRIWKHDUFZKHQDSSO\LQJDODVHUEHDPDWWZR
GLIIHUHQW SRVLWLRQV DZD\ IURP WKH DUF URRW FHQWUH ,Q WKH LPDJHV F DQG I WKH GLIIHUHQFH RI WKH DERYH LPDJHV
YLVXDOL]HVWKHLQWHUDFWLRQ]RQHVRIWKHODVHUUDGLDWLRQDQGWKHDUFFORVHWRWKHIRFXVSRVLWLRQRQWKHFRSSHUSODWH)RUD
EHWWHUYLVXDOL]DWLRQLPDJHFDQGIDUHLQYHUWHGDQGLQWHQVLILHG7KHGLIIHUHQFHLPDJHVVKRZDGGLWLRQDOUDGLDWLRQLQ
WKHRYHUODS]RQHRIWKHODVHUEHDPDQGWKHDUFZKLFKLVFDXVHGE\WKHUHVRQDQWLQWHUDFWLRQEHWZHHQODVHUUDGLDWLRQ
DQGH[FLWHGDUJRQDWRPV&RPSDUHG WR)LJ)LJVKRZV WKHGLIIHUHQFH LPDJHRI WKHDUF LQFDVHRIDGHIOHFWHG
QRQUHVRQDQWODVHUEHDP,QWKLVFDVHWKHUHLVQRDGGLWLRQDOUDGLDWLRQIURPWKHRYHUODS]RQH
)RU WKHFKDUDFWHUL]DWLRQRI WKHDUF UHDFWLRQ WKHDUFDQJOHZDVXVHG7KH ODVHU VSRWRQ WKHSODWHZDVRVFLOODWHG
WUDSH]RLGDOO\ZLWKDIUHTXHQF\RI+]DQGDGHIOHFWLRQRIPP7KHUHVXOWLQJDUFDQJOHFXUYHVDUHLOOXVWUDWHG
LQ)LJ7KHFXUYHVUHSUHVHQWWKHDUFDQJOHIRUHDFKIUDPHRIDYLGHRVHTXHQFHIUDPHVSHUVHFRQG2QO\LQWKH
FDVHRIWKHUHVRQDQWODVHUEHDPWKHDUFDQJOHVKRZVDF\FOLFDOFKDQJHFRUUHVSRQGLQJWRWKHGHIOHFWLRQRIWKHODVHU
EHDPZKLFKFDQEHH[SODLQHGE\WKHUHVRQDQWLQWHUDFWLRQEHWZHHQODVHUEHDPDQGH[FLWHGDUJRQDWRPV

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


)LJ5HDFWLRQRIWKHDUFLQFDVHRIDGHIOHFWHGUHVRQDQWODVHUEHDPPPDWSRVLWLRQVRQWKHOHIWVLGHRIWKHDUFURRWFHQWUHDEDQGF
DQGRQWKHULJKWVLGHGHDQGILPDJHVZHUHWDNHQZLWKWKHVKRUWSDVVZLWKDFXWRIIZDYHOHQJWKRIQP

)LJ'LIIHUHQFHLPDJHLQFDVHRIDGHIOHFWHGQRQUHVRQDQWODVHUEHDPPP
7RFRQWUROWKHDUFURRWRQWKHZRUNSLHFHNQRZOHGJHDERXWVSDWLDOOLPLWVDQGWHPSRUDOSHUIRUPDQFHRIWKHODVHU
EHDPLPSDFWRQWKHDUFDQJOHLVHVVHQWLDO7KHUHIRUHWKHUHDFWLRQRIWKHDUFDQJOHZDVDQDO\]HGZLWKDODVHUEHDP
ZKLFKZDVRVFLOODWHGWUDSH]RLGDOO\ZLWKDGHIOHFWLRQRIPPIRUD7,*DUFH[SHULPHQWRQDFRROHGFRSSHUSODWH
7KHUHE\WKHODVHUEHDPµPRYHV¶IURPPPWRPPZLWKLQPV)RUWKHPD[LPXPGHIOHFWLRQRI
PPQRVSDWLDORYHUODSEHWZHHQODVHUEHDPDQGDUFRFFXUV7KHVDPSOHUDWHRIWKHXVHGKLJKVSHHGFDPHUDZDVVHW
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WR  IUDPHV SHU VHFRQG 7KH GHWHUPLQHG DUF DQJOH IRU HDFK IUDPH RI WKH YLGHR VHTXHQFH DQG WKH ODVHU EHDP
GHIOHFWLRQDUHLOOXVWUDWHGLQ)LJ


)LJ$UFDQJOHDVIXQFWLRQRIWKHIUDPHIRUDQRVFLOODWHGODVHUEHDP
7KHDUFDQJOHFXUYHFDQEHGLYLGHGLQGLIIHUHQWVHFWLRQVDWWULEXWHGWRWKHVSDWLDORYHUODSEHWZHHQODVHUEHDPDQG
DUF&RQVHTXHQWO\WKHUHLVQRFKDQJHRIWKHDUFDQJOH]RQHLQFDVHRIQRVSDWLDORYHUODS,Q]RQHWKHVSDWLDO
RYHUODSOHDGVWRDQLQFUHDVHRIWKHHPLWWHGUDGLDWLRQLQWKHLQWHUDFWLRQ]RQH$VDUHVXOWWKHDUFDQJOHµPRYHV¶LQWKH
GLUHFWLRQRIWKHODVHUEHDP,Q]RQHWKHODVHUEHDPFURVVHVWKHDUF1RZWKHDUFDQJOHFKDQJHVDOPRVWOLQHDUO\ZLWK
WKHODVHUEHDP¶VIRFXVSRVLWLRQ$IWHUZDUGVWKHVSDWLDORYHUODSEHWZHHQODVHUEHDPDQGDUFVWDUWVWRGHFUHDVHZKLFK
DOVRGHFUHDVHVWKHDUFDQJOH]RQH=RQHLVHTXLYDOHQWWR]RQHZKHUHWKHDUFDQJOHUHWXUQVWRWKHLQLWLDOYDOXH
7KHWHPSRUDOSHUIRUPDQFHVKRZVDJRRGDJUHHPHQWZLWKWKHJLYHQODVHUEHDPGHIOHFWLRQLQFDVHRIVXIILFLHQWVSDWLDO
RYHUODSEHWZHHQ ODVHUEHDPDQGDUF)XUWKHUPRUH)LJJLYHVDQDQVZHUDERXW WKHPD[LPXPDUFDQJOH7KHDUF
DQJOHDPSOLWXGHLVDSSUR[LPDWHO\


)LJ&KDQJHRIWKHDUFDQJOHLIWKHUHVRQDQWODVHUEHDPFURVVHVWKHDUF

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3.2. Welding steel sheets with an oscillated laser beam 
$VVKRZQLQWKHSUHYLRXVFKDSWHUVDUHVRQDQWODVHUEHDPFDQLQGXFHDFKDQJHRIWKHHPLWWHGUDGLDWLRQLQWKHDUHD
RI WKH LQWHUDFWLRQ ]RQH:KHWKHU WKLV FKDQJH KDV D WUDFHDEOH LQIOXHQFH RQ WKHZHOGLQJ MRLQWZDV LQYHVWLJDWHG E\
ZHOGLQJ H[SHULPHQWV RQ VWHHO ZRUNSLHFHV XVLQJ UHVRQDQW DQG QRQUHVRQDQW ODVHU UDGLDWLRQ 7KH ODVHU EHDP ZDV
RVFLOODWHGZLWKDIUHTXHQF\RI+]DQGDGHIOHFWLRQRIPP7KHUHVXOWVDUHVKRZQLQ)LJ,QERWKFDVHV
DQ RVFLOODWHGZHOG FDQ EH JHQHUDWHG9LVXDOO\ WKHUH DUH QR GLIIHUHQFHV EHWZHHQ UHVRQDQW DQG QRQUHVRQDQW ODVHU
UDGLDWLRQ)XUWKHUPRUHDFKDQJHRIWKHDUFDQJOHFRXOGEHREVHUYHGLQH[SHULPHQWVLPLODUWRRQO\LQFDVHRID
UHVRQDQWODVHUEHDP



)LJ:HOGLQJMRLQWVZLWKRVFLOODWHGUHVRQDQWDQGQRQUHVRQDQWODVHUEHDPZHOGLQJGLUHFWLRQIURPOHIWWRULJKW0DWHULDO
7R JDLQ LQIRUPDWLRQ DERXW WKH ZHOGLQJ ZLGWK WKH VXUIDFH SURILOHV RI WKH ZHOGV ZHUH PHDVXUHG XVLQJ D
SHUWKRPHWHU %DVHG RQ WKHVH PHDVXUHPHQWV LW LV SRVVLEOH WR GHWHUPLQH WKH ZHOG ZLGWK 7KH ZHOG ZLGWK ZDV
PHDVXUHGVL[WLPHVLQWKHDUHDRIWKHPD[LPXPODVHUEHDPGHIOHFWLRQ,QFDVHRIWKHUHVRQDQWODVHUEHDPWKHZHOG
ZLGWKZDVPPZKHUHDVLQFDVHRIWKHQRQUHVRQDQWODVHUEHDPDZHOGZLGWKRIPPZDV
DFKLHYHG'XHWRWKHPHDVXUHPHQWSUHFLVLRQLWLVQRWSRVVLEOHWRGHWHFWDQLQIOXHQFHRIUHVRQDQWODVHUUDGLDWLRQRQ
WKHZHOGLQJMRLQW


)LJ([DPSOHRIDFURVVVHFWLRQ
1H[WWRWKHZHOGZLGWKWKHZLGWKRIWKHKHDWDIIHFWHG]RQH+$=DWWKHWRSVLGHDDQGDWWKHERWWRPVLGHERI
WKHZRUNSLHFHZHUHDQDO\]HG VHH)LJ7KHUHVXOWVDUHVXPPDUL]HG LQ7DEOH1RVLJQLILFDQWGLIIHUHQFHVZHUH
IRXQGLQGLFDWLQJWKHPLQRUUHOHYDQFHWRPHHWWKHUHVRQDQFHFRQGLWLRQIRUWKHZKROHDUHDRIWKHKHDWDIIHFWHG]RQH
&RQVHTXHQWO\WKHJHQHUDWLRQRIDQRVFLOODWHGZHOGLQJMRLQWZLWKWKHXVHGVHWXSLVSULPDULO\DWWULEXWHGWRDGGLWLRQDO
KHDWLQSXWWRWKHPHOWZKLFKLVLQGHSHQGHQWIURPWKHODVHUEHDP¶VZDYHOHQJWK
7DEOH+$=LQFDVHRIGHIOHFWHGUHVRQDQWDQGQRQUHVRQDQWODVHUEHDP
 1RQUHVRQDQW 5HVRQDQW
DLQPP  
ELQPP  
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&RQFOXVLRQ
5HVRQDQW LQWHUDFWLRQ EHWZHHQ ODVHU UDGLDWLRQ DQG H[FLWHG DUJRQ DWRPV LQ D 7,* DUF OHDG WR DQ HPLVVLRQ RI
DGGLWLRQDOUDGLDWLRQLQWKHLURYHUODSSLQJ]RQH$VDPHDVXUHRIWKHHORQJDWLRQRIWKHZHOGLQJDUFFDXVHGE\DODVHU
EHDPLUUDGLDWLRQWKHDUFDQJOHZDVGHILQHG7KHDUFDQJOHLVFRPSXWHGRQWKHEDVLVRIWKHJUD\YDOXHGLVWULEXWLRQLQ
LPDJHVRIWKHDUF,QFDVHRIDUHVRQDQWLQWHUDFWLRQRIWKHODVHUEHDPZLWKWKHZHOGLQJDUFWKHDUFDQJOHFRUUHODWHV
ZLWK WKHSRVLWLRQRI WKH ODVHUVSRWEHFDXVHRIDGGLWLRQDO OLJKWHPLWWHGIURPWKH LQWHUDFWLRQ]RQH)RUQRQUHVRQDQW
ODVHU UDGLDWLRQ QR VXFK DGGLWLRQDO OLJKW LV HPLWWHG$OWKRXJK WKH UHVRQDQW LQWHUDFWLRQ LV VXSSRVHG WR LQFUHDVH WKH
LRQL]DWLRQSUREDELOLW\ LQ WKH LQWHUDFWLRQ]RQHQHLWKHU WKHVL]HRI WKHKHDWDIIHFWHG]RQHQRU WKH VHDPZLGWKKDGD
VLJQLILFDQWLQIOXHQFHRQPHHWLQJWKHUHVRQDQFHFRQGLWLRQRQWKHZRUNSLHFHVXUIDFH,QFRQFOXVLRQVLQFHWKHSRVLWLRQ
RI WKHZHOG VHDP FDQ UHOLDEO\ EH FRQWUROOHG E\ WKH ODVHU EHDP LQ HLWKHU FDVH UHVRQDQW DV ZHOO DV QRQUHVRQDQW
PHHWLQJWKHUHVRQDQFHFRQGLWLRQLQWKHODVHUDVVLVWHG7,*ZHOGLQJSURFHVVGRHVQRWGRPLQDWHWKHZHOGLQJUHVXOW
$FNQRZOHGJHPHQWV
7KLVZRUNZDV VXSSRUWHGE\ WKH*HUPDQ5HVHDUFK)RXQGDWLRQ ')*XQGHUJUDQWQXPEHU:(DQG
8+
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